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12. 2 LAKES
12.2.1. Bacteria

I nformati on concerning bacteria can be found in Streanms, Section
12.1. 1.
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12.2.2 Phyt opl ankt on

Phyt opl ankt on are free-living unicellular al gae existing as
single cells, colonies, chains, or filaments that generally
are passively transported by currents and turbul ent mxing.
Phyt opl ankton are inportant conponents of standing bodi es of
water and |large rivers.

Physi ol ogi cal processes of pl ankt oni ¢ al gae can indicate the
productivity and quality of natural waters. Their
assimlation of carbon dioxide and producti on of organic
matter provide a prinary food source for other trophic

| evel s. Phyt opl ankt on can al so have a dramatic affect on the
concentrations of carbon dioxide, oxygen, nutrients, silica
and trace el ements.

Phyt opl ankt on bl oos can severely effect water quality

t hrough the production of toxins that lead to fish kills,
threatens human health, or through the depl eti on of oxygen
caused by the deconposition of organic matter

Integrated studies of aquatic ecosystens need to include the
neasur enent of phytopl ankt on conposition and bi onass.
Chlorophyll a, adenosine triphosphate (ATP), and particul ate
organi c carbon or nitrogen can be used as indices of bi onass
whil e particle counters can provide infornation about size
distribution. However, these nethods have i nterferences from
nonphyt opl ankt on particul ate matter such as detritus and
sedinment. The only nethod of determ ning species conposition
and abundance is by nicroscopi ¢ enunerati on and

identification. Know edge of species conposition can

i ndi cate the causes of seasonal changes in bi omass, be usefu
as tracers for different water nasses, and suggest stresses

i nposed by pol | utants.
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12.2.2.1 Collection

An optimnum et hod for collecting phyt opl ankt on sanpl es is
unavai | abl e because phyt opl ankton types and abundance differ
spatially and tenporarily. Therefore, choosing a sanpling
strategy and nethod that are nost consistent with the goal s
of a given water is necessary for a quality study. For
exanpl e, frequent collection of a depth-integrated sanple at
one representative site nay be appropriate for a nmonitoring
study, whereas, a detailed grid nay be nore appropriate for
assessing the effect of a pollutant froma point source.

A phyt opl ankt on sanpl e consists of a volunme of water (usually
100- 1000m ) collected in a pol yethylene bottle. To insure
maxi numcorrel ation of results, the sanple site and

col lection nethod need to correspond as cl osely as possible
to those selected for chemcal sanpling. If a living sanple
is to be exanined, it can be maintained for 24 hours if kept
at 3°Cin the dark. Extended storage requires preservation
with Im of Lugol's solution (a mxture of potassiumi odine,
i odi ne, and acetic acid).

Sanpl es of phytopl ankton are coll ected using a water-sanpling
bottle ( Kenmerer or Van Dorn) and a depth-integrated sanpl er
(DH48), net, or punp. An advantage of using a water-

sanpling bottle is the ability to collect quantitative

sanpl es including ultraplankton froma known vol ure obt ai ned
froma precise depth

Depth-integrated sanplers are quantitative sanplers used to
collect a representative of a water colum cross-section. An
advant age of the depth-integrated sanpler is simlar to the
water-sanpling bottle; the difference is it is the only neans
of collecting a truly representative sanple within a water
colum or river cross-section. The disadvantage to the water
sanpling-bottle and depth-integrated sanpler is that they do
not work well in fast noving water. However, fast-noving

wat er does not typically support true phyt opl ankt on
communi ti es.

Pl ankt on nets have been wi dely used as sanpling devices in
phyt opl ankt on i nvesti gati ons because they enable filtration

of large water volunes. However, nets selectively retain

only the largest phytoplankton cells. Therefore, nets are
nost appropriate for qualitative study of |arge pl ankt oni c
algae. Nets vary in size, shape, and nesh size

Punps can al so be used to coll ect phyt opl ankt on. The
advant age of punps is that they can collect quantitative
sanples including ultraplankton rapidly at known depths or
via depth integration in shallow or deep waters. However,
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punps are usual |y bul ky, expensive, require a power source,
may break al gal chains and col onies, and induce
physi ol ogi cal | y stresses.
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12.2.2.2 Sanple Anal ysis

Anal ysi s of phytopl ankton may include the counting-cel

net hod where aliquots from phytopl ankton sanples are placed
in stage-counting cells and exam ned under a m croscope to
determ ne concentration and possible identification. The

i nvert ed-n croscope nethod enabl es the observation of
phyt opl ankton in an aliquot of water at hi gh-power

magni fication. The phytopl ankton have been concentrated by
settling thereby reducing the possibility of crushing or

di sruption. Phyt opl ankt on  shoul d be both counted and
identified. e of the nost useful methods to deternine the
taxonony of the phytoplankton is through the preparation of a
per manent slide nount and exam nation under a hi gh powered

M cr oscope.

A REFERENCES

Met hods for Collection and Anal ysis of Aguatic Biol ogi cal and
M crobi ol ogi cal Sanpl es, Techni ques of Water-Resources

I nvestigations of the United States Geol ogi cal Survey, Book 5
Chapter A4 (1989), at 99-113.

St andard Met hods For Examining Water and Wastewater, 18th
Edition (1992), at 10-1 to 10-26.
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12.2.3 Trophic Status

Lake productivity or trophic status is a continuum varying
fromvery low productivity in ol i gotrophic | akes (i.e.,
nmountai n | akes) to high productivity in eut rophi c | akes
(i.e., lowand | akes). The condition between ol i got rophi c
and eutrophic is called nesotrophic. The boundaries around
the mesotrophic status are not distinct. A nethod for
identifying | ake tropic status ( TSlI) has been described by
Carlson (1977) using total phosphorus ( TP), Secchi disk depth
(SD), and Chl or ophyl | a. The approximate TSI val ue between
oligotrophic and nmesotrophic is 35, and between nesot r ophi ¢
and eutrophic is 50.

Calculations to deternine Carlson's Trophic State |ndices:
Total Phosphorus ( TP)
TSI = 10(6 - Ln[48/ TP/ Ln[2])
Secchi Disk (SD
TSI = 10(6 - Ln[SD/ Ln[2])
Chlorophyll a (Chla)
TSI = 10(6- 2.04 - 0.68 Ln[Chla]/ Ln[2])
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12.2.3.1 Secchi Depth

Cne of the major diagnostic tools in the anal ysis of
eutrophication is the neasurenent of water transparency.

Al gal bl oons decrease |ight penetration by |ight absorption,
and scattering water transparency and |ight penetration are
proportional to the density of the al gal bl oom

A sinple nethod of estimating |ight penetration in the

vertical directionis with a Secchi di sk, where the

di sappearance depth is defined as the Secchi depth. The
Secchi disk is subnerged into the water fromthe shady side

of an anchored boat or fromthe end of a pier. The Secchi
disk is lowered to a point where it is no |onger visible and
then raised to a level where it again becones visible. The
Secchi Depth at this point is neasured (neters) and recorded.
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12.2.3.2 Chloriphyll a

Field Coll ections

A Sanples are collected with a 1 liter plastic bottle 0.3m
(1ft) beneath the water surface.

B. Chlorophyll a sanples are filtered through a glass fiber
filter with a hand-operated vacuum punp. Enough wat er is
filtered until the filter is greenincolor. At least 1 liter
of water should be filtered for eutrophic lakes and up to 5

liters of water should be filtered for ol i got rophi c | akes.
The vol ume of water filtered is recorded for later use in
cal cul ating Chl orophyl| concentrations. Equipnent to be used

for filtration includes the following (Fisher Scientific
cat al ogue nunbers are given):

1. Watnan glass fiber filter G/ C 47mm Cat. No.
09- 874- 34

2.  Nal gene hand-operated vacuum punp Cat. No. 01-070

3. Nalgene reusable filter hol ders Cat. No.
09- 740- 23E

C  The filter is then renoved fromthe filter holder with a
forceps, placed in a petri dish, taped shut, wapped in
alumnumfoil and stored on ice. Sanples shoul d be shi pped
to the laboratory within 48 hours of collection and frozen
until analysis. The analysis shoul d be perforned no | ater
than 3 weeks after collection.

Laboratory Anal ysis

A The laboratory shall anal yze the Chl orophyl | a foll ow ng
the “Standard Methods for Exam nati on of Water and Wast e
VWater ”, 18th Edition, Method 10200 H Chlorophyll. This

net hod extracts the chlorophyll fromthe filter using acetone
and a tissue grinder. The absorbance of the extract is
determ ned with a spectrophotoneter (Mthod 2.c,
Spectrophotonetric Deternination of Chlorophyll X

Det erm nati on of Chl orophyl | a, b, and c (trichromatic

net hod) ).
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B. Following the equations in the cited reference, the
Chlorophyll a concentration is calculated by using the
concentration of pignent in the extract and the recorded
vol ume of water filtered in the field.

Tropic Status of Montana Lakes

A Qigotrophic 0 - 2ppb Chlorophyll a

B. Mesotrophic 2 - 9ppb Chl orophyl | a
C.  Eutrophic 9 - 30ppb Chl orophyl | a
D. Hypereutrophic > 30ppb Chl or ophyl | a
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12.2.4 Periphyton

Periphyton are algae that |live attached to or in close
proximty of the | ake bottomin shallow, well-lighted areas
that are suitable for plant growth. Qher plants nay al so
occupy the littoral areas of |akes, notably "hi gher plants"

and nosses ( macrophyton). These foll owi ng procedures address
t he wadeabl e, nearshore portion of |akes; no special

equi prent (i.e., SCUBA is presuned. Refer to Section 12.1.2
for nmore background i nformation about peri phyt on.

A I NDEX PER (D

Anytine during the ice-free season is suitable for sanpl i ng
peri phyton froml akes. Assessnents shoul d be del ayed for at
| east two weeks following the nmelting of ice in the spring to
allow for recolonization by al gae and the succession to a

mat ure peri phyton community.

B. SITE SELECTI ON

Sel ection of study sites depends |argely on the objectives of
the assessnment. Public access shall often dictate the choice
of sanpling sites on Mntana | akes and restrict the |length of
shoreline that is available for sanpling. |f access is
unrestricted, choose |east-inpaired sites that have typical
shoreline vegetation to represent the reference or control
condition. Avoid the w ndward side of |akes where wave
action tends to scour shoreline vegetation.
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12.2.4.1 Field Observations

The general conposition, amount, color, and condition of
aquatic plants in the littoral zone may be assessed from
shore using the Aquatic Plant Field Sheet (Section 21.1.1.8).
This information shall help to describe the health and
productivity of the aquatic ecosystem define nui sance
aquatic plant problens, identify potential sources and causes
of pollution, and docunent changes in the plant community
over tirme.

Conpl eting the Aquatic Plant Field Sheet is equivalent to a
RBP Level | assessnent for aquatic plants. The Aquatic Pl ant
Fiel d Sheet should be filled-out before conpleting the nore
detai | ed assessnents of peri phyt on standi ng crop,
conposition, and community structure.
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12.2.4.2. Standing Crop

The standing crop of periphyton in lakes is controlled by a
variety of factors. Heavy growths of algae in | akes

generally indicate nutrient enrichnent and inferior water
quality. Refer to Section 12.1.2.2 for sanpling and

anal ytical procedures. Qiteria have not been devel oped for
the standi ng crop of |akeshore peri phyt on.
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12.2.4.3 Conposition and Structure
The procedures for sanpling and anal yzi ng stream peri phyt on
(Section 12.1.2.3) nay al so be used for evaluating the
conposition and structure of | ake periphyton. 1In |akes,
however, the subnerged stens and | eaves of higher plants or
nmacr ophytes shall generally be nore inportant as al gal

substrates than they are in streans. The DEQ is devel opi ng
biocriteria and bi oassessment protocols for the conposition
and structure of lake periphyton.
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12.2.5 Macroinvertebrates

Bent hi ¢ nmacroi nvertebrates are animals inhabiting the
substratum of | akes, streans, and wet| ands.

Macroi nvertebrates are considered, by definition, to be
visible to the unaided eye and are retained on a Uus
Standard No. 30 sieve (0.595-nm openi ngs).
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12.2.5.1 Sanpling Methods ( Ekman Grab, Petite Ponar
Grab, And D Net)

Dr edge (@ ab)

A tall-nodel (6"x6"x9") Eknman-type grab is preferred for |ake
bent hos sanpling rather than the standard (6"x6"x6") Eknman
grab. The standard Eknan grab is a poor choice for sanpling
nmacroi nvertebrates in the soft sediments of deeper |akes
because the box often sinks bel ow the sedi ment surface and
organisns in the surficial sedinment are lost. Even with a
tall Eknan, care nust be taken that the grab does not sink
too deeply and overfill. There should be water in the top of
the box upon retrieval; if there is only sedinent, sone
material was probably | ost out of the top due to over-

penetration. If this is a problem horizontal struts can be
added to the outside of the grab to sl ow the decent of the
sanpler into the sedinent. Pieces of wood (2"x2"x18") nmay be

attached across the outside of the box at about half-hei ght

for this purpose. The Ekman grab is also a poor choice for
sanpl i ng when rocky or sandy bottons, or noderate nacrophyte
growt h are present because snall pebbles or grit or

nmacr ophyt e stens prevent proper jaw closure.

Sone Ekman grabs have been fitted with a screen across the
top to prevent overfilling. This works, but care nmust be
taken that the grab is eased gently into the soft sedinents
of deep lakes. Since water flow through the box is inpended
by the screen, a pressure wave can bl ow awnay surficial
sedinment and aninals if such a grab is dropped too rapidly.

An alternative to the Eknman grab is the petite Ponar grab.
St andar d- nodel  Ponar grabs are too heavy for use without a

wi nch, but the petite nodel is very easily cast and retrieved
by hand froma snall boat. DEQ has found this to be the nost
conveni ent grab for survey work, because it is easy to

operate and cl oses autonatically, needing no nessenger. |Its

di sadvantages are : 1) it has the potential for sedinent

bl ow-away if dropped too quickly into a soft bottom and 2)

it collects a snaller volune of sedinment, thus fewer aninals,
than a tall Ekman. Therefore, the petite Ponar grab is nost
suitable for studies that do not require absol ute

gquantitative data as they are likely to have greater

consi stency when col | ected by different personnel.
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D Net (Sweep Net)

For Dnet sanpling in the littoral zone, refer to Wtl ands,
Sneep Net (Section 12.3.4.1).
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12.2.5.2 Sanpl e Processing and Anal ysi s

Traditionally grab sanpl es are washed in a tray or bucket
with a nesh bottom However, this nethod is sl ow and renoval
of the washed sanple is inconvenient. An easier method of
washi ng the contents of the grab is through a coni ca

pl ankt on net of 0.5mm nesh (500 m crons).

It is very inportant that the mesh size be consistent across
all lakes in the study. This is a fairly standard nesh size
that shall retain nost of the aninals of interest, but shal
permt reduction of sanples to a reasonable volune. A

coni cal washing net provides a | arge surface area of mesh,

and concentrating the sanple in the end of the net is easy.

A suitable net can be purchased from WIdco as a nade-to-
order net #30-D60. The 4.7cm(12in) dianeter top opening of
this net nust be | ashed to a hoop, such as W1 dco #7-D30 ring
and bridle assenbly, or any rigid 4.7cm (12in) diameter ring.
The cuff at the bottom of the net can be tied off with a
shoestring, which is then rel eased to pernmt renoval of the

washed and concentrated sanpl e.

The content of the grab is enptied into a plastic di sh pan
using a wash bottle with a w de-bore opening for rinsing the
grab and wash net. Washed sanpl es are collected in 1liter

wide-nouth plastic jars with tight-fitting lids. The
preferred nethod of preserving a nacr oi nvert ebrat e
(especially benthos) sanple froma taxonomc identification
perspective is using 10% formalin buffered with 1 teaspoon

nmagnesi um carbonate per 1 gallon concentrated formalin.
However, because fornalin is a known carcinogen, the DEQ
recommends using 95%ethanol with a final dilution of no | ess

t han 70% when consi dering di spl acenent by the sanpl e bi onass.

In addition to an external |abel, each sanpl e should contain
an internal |abel on heavy paper with the foll ow ng
information : |ake, date, sanpling device used, sanpling
depth, replicate nunber, and the collectors initials. A

dept h-finder and d obal Positioning Systemare useful for
locating the collection site. A hydrol ab or sinilar device
can be used to collect supporting environnental data.
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Li st of Equi pment and Supplies for Sanple Col |l ection:

a)
b)
c)
d)
e)
f)
9)
h)
i)
i)
k)

Hydr ogr aphi c nap of the | ake

Petite Ponar or other grab sanpler or D Net
Plastic tub

Wash net (0.5mm mesh)

Wash bottle

1liter plastic container with lids
Paper | abels and | abeling tape

Pencil s and al cohol proof mnarkers
Preservative (ethanol or formalin)
Power ice auger (w nter sanpling)

| ce skimmer (w nter sanpling)

Dept h fi nder

Boat

A obal Positioning System

Hydr ol ab

12.0
0

4/1/ 95
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12.2.5.3 Criteria and Assessnent Protocol s

The conposition and density (nunber of individuals per unit
area) of macroinvertebrates in streans, |akes, and wetl ands
are reasonably stable year to year in unperturbed

envi ronnents. However, seasonal fluctuations associated wth
l'ife-cycle dynamics of individual species may result in
extrenme variation at specific sites within any cal endar year

Most aquatic habitats with high quality waters and substrate
conditions generally support diverse nacr oi nvert ebrat e
comunities in which there is a bal anced distribution of

speci es anong the total nunber of individuals present. Such
communities respond to changing habitat quality by adjust nment

in coomunity structure. However, many habitats are dom nat ed
by a few species. Snall changes in their relative nunbers

may not indicate changes in water quality.

Macroi nvertebrate comrunity responses to environnenta
perturbations are useful in assessing the inpact of point and
nonpoi nt source pollution. Stuations that may cause

nacroi nvertebrate comunity structure to change incl ude
organi c | oadi ng, substrate alteration, and toxic chemca

pol [ uti on.

Assessing the inpact of a pollutant source generally invol ves
conpari son of nacroinvertebrate comunities at sites

i nfluenced by pollution with those collected from adj acent
unaffected sites that have simlar physical habitats. The
procedure includes sanpling and anal yzi ng both communities
and conparing themto deternmine if the pollution-affected
site differs fromthe unaffected site. For community
structure, the basic information required fromeach site is a
count of individuals per species. Fromthe count data the
communities can be characterized and conpared according to
community structure, density, bi omass , diversity, or other
analysis. Equally desirable is to characterize chemcal and
physi cal habitat such as di ssol ved oxygen concentrati on,
substrate, water depth, type of sedinent, grain size, tota
organi c carbon, hardness, alkalinity, trace nmetals, dissolved
and total nutrients, etc.
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